Chrastil (1982) established that the solubility of a substance in a supercritical fluid can be correlated with the density of the pure supercritical gas. Recently, the solubility of supercritical fluids in different organic liquids was successfully correlated as a function solely of the supercritical fluid density, since we demonstrated that the supercritical fluid density also defines the solubility of the gas in the liquid phase.
Introduction
Stahl et al. 1 firstly observed a close relationship between the solubility of a substance and the supercritical solvent density. In 1982, Chrastil 2 presented an equation based on the solvato complex model, which establishes a linear dependency, in logarithmic basis, between the solute solubility and the supercritical fluid density ( SCF ). That is, a simple density-dependent equation was capable to correlate the equilibrium composition (i.e.
the solubility) of a solute in the high pressure vapor phase of binary vapor-liquid or vapor-solid equilibria. Chrastil's equation was found to be applicable for dilute gas solutions (i.e. low concentration of solute in the supercritical phase) and thus, was widely employed to correlate the solubility of high molecular weight substances in supercritical carbon dioxide [3] [4] [5] [6] (SCCO 2 ).
On the other side, the solubility of a gas in a liquid was conventionally described using Henry's law, which establishes that the amount of gas dissolved in a liquid is linearly proportional to its partial pressure. This law was found to be accurate for dilute liquid solutions (i.e. low amounts of gas dissolved in the liquid phase). As concentration or pressure increase, deviations from Henry's law become noticeable. Thus, this law is usually not capable to represent the solubility of a supercritical fluid in organic liquids.
At high pressures, mixtures of CO 2 + low molecular weight substances exhibit, in general, positive deviations to Henry's law while mixtures of CO 2 + high molecular weight substances typically present negative deviations.
In a previous contribution 7 , we demonstrated that not only the composition of the vapor phase, as Chrastil 2 established, but also the composition of the liquid phase is simply related with the SCF density. The solubility of a supercritical gas in a liquid (i.e. the SCF molar fraction in the liquid phase, X SCF ) was straightforwardly correlated with  SCF . Two semi-empirical density-dependent equations were presented which proved to be valid for mixtures presenting, respectively, positive and negative deviations to Henry's law. In this work, the corresponding correlative constants are given to represent the solubility of SCCO 2 in certain high molecular weight substances usually involved in technological applications of supercritical fluid processing.
Theoretical background
High pressure solubility of solutes in supercritical gases: Chrastil's equation.
At constant temperature, the relationship between the solute solubility and the supercritical solvent density was established as follows:
S S is the solute solubility (g/L),  SCF is the density of the pure supercritical gas (g/L) and k ' and b ' are semi-empirical parameters.
As mentioned before, Eq. (1) was broadly employed in the literature to correlate the solubility of many compounds in supercritical gases, particularly in SCCO 2 . For example, Güçlü-Üstündag and Temelli 3,4 reported k ' and b ' parameters for a large set of lipid-type substances.
Solubility of supercritical fluids in organic liquids.
In a previous work 7 and based on a modification of Henry's law, we presented two semi-empirical density-dependent correlations to represent the solubility of a supercritical fluid in a liquid.
The SCF molar fraction in the liquid phase (X SCF ) was given by the following relationship: 
were P is the pressure (MPa),  SCF the supercritical fluid density (kg/m 3 ) and A * and B * are the correlative constants which are regressed from experimental data. Eq. (3) establishes a linear relationship between ln(X SCF ) and ln( SCF )/P and was successfully applied to various binary mixtures of CO 2 + high molecular weight substances 7 .
Results and discussion
Regression coefficients obtained for the systems studied.
Eq. (3) was used to correlate the solubility of SCCO 2 in substances comprising certain families of compounds which are particularly interesting in supercritical CO 2 processing. Tables 1 to 5 present the different systems investigated: high molecular weight paraffins (Table 1) , high molecular weight alcohols (Table 2) , fatty acids (Table   3) , fatty acid methyl esters (Table 4 ) and fatty acid ethyl esters (Table 5 ). Also given in the tables are the source of the experimental solubility data employed [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] , the values of constants A * and B * obtained and the R 2 values resulted from the regression procedure.
As can be observed in the tables the R 2 values obtained when employing Eq. (3) to correlate the solubility of CO 2 in high molecular weight alkanes and alcohols were greater than 0.97. Figure 1 depicts the quality of the regression achieved for some selected n-alkanes and n-alcohols.
High regression coefficients were also obtained in the case of fatty acids (see Table 3 )
and fatty acid alkyl esters (Tables 4 and 5 when the data reported, respectively, by Zou et al. 15 , Yu et al. 16 and Chang et al. 20 were separately considered. On the other hand, when the three sources of data were taken into account simultaneously, the R 2 obtained was somewhat lower (0.920). Similar results were obtained for other systems studied (see Tables 3 to 5 ). This is quite reasonable to expect due to the different equipments and procedures employed in the experimental determinations, which can produce systematic differences between the data reported.
For example, in the case of the CO 2 + oleic acid mixture at 313 K, the R 2 values obtained considering separately the different sources of solubility data available [14] [15] [16] were quite satisfactory but when merging all the experimental data available a quite poorer regression resulted (R 2 = 0.826). Figure 3 shows that this result should be attributed to the high discrepancies found between the experimental data reported at 313
K and not to a failure of Eq. (3) to correlate the CO 2 solubility data. Actually, considering the same system (CO 2 + oleic acid) and the same sources of experimental data [14] [15] [16] but a different temperature (333 K), the R 2 values obtained were higher than 0.950 considering separately each source of solubility data or merging the data all together in the regression procedure (see Table 3 ).
Comparison between the density-dependent correlation (Eq. 3) and the GC-EoS model in the calculation of CO 2 solubility in high molecular weight substances.
The liquid phase composition of the CO 2 + high-molecular weight systems referred in Tables 1 to 5 were calculated using two different approaches: the density-dependent correlation given by Eq. Parameters A* and B* employed when applying Eq. (3) to calculate X CO2 were those regressed in this work and are given in the corresponding tables.
With respect to the GC-EoS model, which is based on the group contribution approach, the reader is referred to the work of Fornari 25 where all pure group and binary group interaction parameters required (i.e. those corresponding to the CO 2 , -CH 3 , -CH 2 , -CH 2 OH, -COOCH 3 and -COOCH 2 -groups) are given. Pure component parameters, i.e.
critical temperature (T c ), critical pressure (P c ) and critical hard sphere diameter (d c ) are given in Table 6 for some of the high molecular weight substances studied. For high size-asymmetric mixtures, the d c parameter of the high molecular weight compound greatly affects the GC-EoS phase composition calculations 25 . Thus, this parameter was optimized in this work (see Table 6 ) in order to minimize the average absolute deviations (AAD) between the experimental and calculated CO 2 liquid mole fraction.
The AAD% values are calculated as follows: (4) In this way, the best GC-EoS correlation of the X CO2 data that could be achieved is compared with Eq. (3) correlation. Table 7 gives the AAD% resulted. As can be deduced from the table, Eq. (3) produce AAD% values lower (or of the same order of magnitude) than those resulted when applying the GC-EoS model in a correlative manner.
Conclusions
In this work, a Chrastil-type equation was applied to correlate the solubility of SCCO 2 (i.e. the CO 2 molar fraction, X CO2 ) in high molecular weight liquid substances as a function of solely the CO 2 density ( CO2 ). Based on experimental X CO2 data from the literature, the parameters of the linear correlation between ln(X CO2 ) and ln( CO2 )/P were given for 26 different substances comprising n-alkanes, n-alcohols, fatty acids and fatty acid alkyl (methyl and ethyl) esters. High linear regression coefficients were obtained for all systems studied, confirming the goodness of the density-dependent equation employed.
This new correlation permits the calculation of binary CO 2 + substance liquid phase composition, circumventing the use of EoS based models (which are not always available or comprehensible for many people working in supercritical fluid processing) and with similar accuracy. Although this approach could never substitute the role of EoS models for process simulation, the correlation presented in this work provide a simple, fast and accurate manner to calculate the solubility of a supercritical fluid in a liquid. 
